


Institutional Archive of the Naval Postgraduate School 





Calhoun: The NPS Institutional Archive 
DSpace Repository 


Theses and Dissertations l. Thesis and Dissertation Collection, all items 


1986-12 


An investigation into the potential for 
developing a successful log-periodic half 
square antenna with dual feed 


Johnsen, John Richard 


Monterey, California: U.S. Naval Postgraduate School 
http://hdl.handle.net/10945/21940 


This publication is a work of the U.S. Government as defined in Title 17, United 
States Code, Section 101. Copyright protection is not available for this work in the 
United States. 


Downloaded from NPS Archive: Calhoun 


Calhoun is the Naval Postgraduate School's public access digital repository for 
К DUDLEY research materials and institutional publications created by the NPS community. 
FW ее Calhoun is named for Professor of Mathematics Guy K. Calhoun, NPS's first 


ІШ KNOX appointed — and published — scholarly author. 

ы. ИВКАКУ Dudley Knox Library / Naval Postgraduate School 

411 Dyer Road / 1 University Circle 
Monterey, California USA 93943 





http://www.nps.edu/library 











NPS62-87-003 


NAVAL POSTGRADUATE SCHOOL 


Monterey, Galifornia 





THESIS 


AN INVESTIGATION INTO THE POTENTIAL 
FOR DEVELOPING A SUCCESSFUL LOG-PERIODIC 
HALF SQUARE ANTENNA WITH DUAL FEED 
by 


John Richard Johnsen 


December 1986 


Thesis Advisor: 





Approved for public release; distribution is unlimited. 


Prepared for: 

Naval Ocean Systems Center(Code 822) 
ШЕШІ Catalina Blvd 

San Diego, CA 92152 


12248 79 


NAVAL POSTGRADUATE SCHOOL 
Monterey, CA 93943 


Rear Admiral R. Austin D. А. вез 
Superintendent Provost 


This thesis prepared in conjunction with research 
sponsored in part by Naval Ocean Systems Center, San Diego, 
California: 


Reproduction of all or part or manis reportes 
authorized. 


un чи" 


ee‏ ا ا 


| Systems Center 


SECURITY CLASSIFICATION OF THIS PAGE 
REPORT DOCUMENTATION PAGE 


ta REPORT SECURITY CLASSIFICATION 1b RESTRICTIVE MARKINGS 
UNCLASSIFIED 


2a SECURITY CLASSIFICATION AUTHORITY 3 DISTRIBUTION/ AVAILABILITY OF REPORT ADproved for 
public release; distribution is 
unlimited 






2b DECLASSIFICATION / DOWNGRADING SCHEDULE 






4 PERFORMING ORGANIZATION REPORT NUMBER(S) S MONITORING ORGANIZATION REPORT NUMBER(S) 
NPS62-87-003 


6b OFFICE SYMBOL la NAME OF MONITORING ORGANIZATION 


(If applicable) 


62 


6c ADDRESS (City, State, and ZIP Code) 7b ADORESS (City, State, and ZIP Code) 


6a NAME OF PERFORMING ORGANIZATION 






Naval Postgraduate Schoo Naval Postgraduate School 





Monterey, California 93943-5000 Monterey, California 93943-5000 


8b OFFICE SYMBOL 9 PROCUREMENT INSTRUMENT IDENTIFICATION NUMB8ER 


(If applicable) 


522 
8с ADDRESS (City, State, and ZIP Code) | [10 SOURCE OF FUNDING NUMBERS 


271 Catalina Blvd PROGRAM PROJECT TASK WORK UNIT 
Ш іп Diego, CA 92152 ELEMENT NO [NO NO ACCESSION NO 
2 


11 TITLE (Include Security Classification) 


AN INVESTIGATION INTO THE POTENTIAL FOR DEVELOPING A SUCCESSFUL 
LOG-PERIODIC HALF SQUARE ANTENNA WITH DUAL FEED 


12 PERSONA, AUTHOR(S 


"43 ТТРЕ ЈЕ МЕРЈОКТ 13b TIME COVERE O 14 DATE OF REPORT (Year, Month, Day) 15 PAGE COUNT 
Master's Thesis FROM ||| TO те 1986 December 147 | 


"6 SUPPLEMENTARY NOTATION 





"Ba NAME OF FUNDING/SPONSORING — 
ORGANIZATION Naval Ocean 












18 SUBJECT TERMS (Continue on reverse if necessary and identify by block number) 





SUB-GROUP 


"9 ABSTRACT (Continue on reverse if necessary and identify by block number) | 
The investigation of a uniformly periodic half square array antenna with 
dual feed was conducted to provide more information about the potential 
of the structure as a log-periodic antenna for use by the military. 
Utilizing the Numerical Electromagnetics Code (NEC), an experimental 
investigation of the near field characteristics and the far field radia- 
tions patterns was conducted on a modeled version of the structure to 
identify the necessary performance characteristics of a successful log- 
periodic antenna. In the near field investigation, the Brillouin 
diagram was used extensively to analyze performance characteristics 
| generated by the k to f£ relationship where 8 was determined from the 
relative amplitude and phase of the near magnetic field created by the 
Sure under various conditions. The far field radiation patterns 


Log-Periodic Antenna; Half Square Antenna; 
Near Field Investigation 






37 COSATI CODES 


| 
¿0 O S R'SBUTION/ AVAILABILITY OF ABSTRACT 21 ABSTRACT SECURITY CLASSIFICATION 
EL NAME OF RESPONSIBLE INDIVIDUAL ` 22b TELEPHONE (Include Area Code) | 22« OFFICE SYMBOL 
— ans 
00 FORM 1473, ва мдя | 83 APR edition may be used until exhausted SECURITY CLASSIFICATION OF THIS PAGE 
| All other editions are obsolete эш = зримо о 10 


1 


SECURITY CLASSIFICATION OF THIS PAGE (When Data Entered) 


were used to check the results of the Brillouin diagram 
and observe the presence of end and truncation effects. 
The results of this study show that the potential of 
designing a successful log-periodic antenna with half 
Square elements and a dual feed system exist, but further 
research is needed to establish optimum scaling and 
gain. The research did verify the dual polarization 
property, and the possibility of generating high and low 
angle propagation modes with the use of a dual feed 
system on the structure. 


$ N 0102- LF- 014- 6601 


2 


SECURITY CLASSIFICATION OF THIS PAGE(When Data Entered) 





Approved for public release; distribution is unlimited 
An Investigation into the Potential 


for Developing a Successful Log-Periodic 
Half Square Antenna with Dual Feed 


by 
John Richard Johnsen 


Captain, United States Army 
B.S., United States Military Academy, 1979 


oubmitted in partial fulfillment 
of the requirements for the.degree of 


MASTER OF SCIENCE IN ELECTRICAL ENGINEERING 
from the 


NAVAL POSTGRADUATE SCHOOL 
December 1986 


ABSTRACT 


The investigation of a uniformly periodic half square 
array antenna with dual feed was conducted to provide more 
information about the potential of the structure as a 
log-periodic antenna for use by the military. r Utctilizgi Km 
Numerical Electromagnetics Code (NEC), an experimental 
investigation of the near field characteristics and the 
far field radiations patterns was conducted on a modeled 
version of the structure to identify the necessary 
performance characteristics of a successful log-periodic 
antenna. In the near field investigation, the вг она 
diagram was used extensively to analyze performance charac- 
teristics generated by the k to fg relationship where 8 was 
determined from the relative amplitude and phase of the 
near magnetic field created by the structure under various 
conditions. The far field radiation patterns were used to 
check the results of the Brillouin diagram and observe the 
presence of end and truncation effects: 

The results of this study show that the potential of 
designing a successful log-periodic antenna with half 
square elements and a dual feed system exist, but further 
research is needed to establish optimum scaling and 
gain. The research did verify the dual polarization 
property, and the possibility of generating Nigh andikien 
angle propagation modes with the use of a dual feed system 


on the structure. 





IBI 


TABLE OF CONTENTS 
INTRODUCTION------------------------------------- 


A. MILITARY HIGH FREQUENCY COMMUNICATION 
Пы O —8—— 


B. HISTORICAL BACKGROUND------------------------ 


l. The Development of Log-Periodic 
Ги E 2- 


2. The Development of the Half Square 
Log-Periodic Antenna--------------------- 


CC ENERAL CHARACTERISTICS OE SUCCESSFUL 
LOG-PERIODIC ANTENNAS------------------------ 


THE SELECTED APPROACH FOR FURTHER 
INVESTIGATION OF THE LOG-PERIODIC HALF 
E NEA EN yee EE 8 


A. THE TECHNIQUE OF UTILIZING A UNIFORMLY 
PERIODIC STRUCTURE--------------------------- 


В. tne. APPLICATION OF THE BRILLOUIN DIAGRAM 
Cmte AR Ori CLD АТОМ —— 


C. TECHNIQUE OF OBTAINING THE К-В 
RELATIONSHIP--------------------------------- 


D. DESCRIPTION OF THE NUMERICAL ELECTROMAG- 
DANES ОР IEC) ооо ——c 


EXPERIMENTAL CONSIDERATIONS AND PROCEDURE-------- 
A.  ESTABLISHING AN EXPERIMENTAL STARTING POINT-- 


I Determinins the Size of the Uniform 
Array of Half Square Elements------------ 


2% Determination of a Transmission 
EX NEG UC = 


В. OBTAINING DATA FOR THE k-8 DIAGRAM----------- 
1.  Uniformly Periodic Quarter Square Array-- 


2. Uniformly Periodic Half Square Array----- 


36 


38 


38 


38 


39 


52 


52 


Ce 


FAR FIELD RADIATION PATTERNS---------------- 


IV. | EXPERIMENTAL RESULTS---------------------------- 


А. 


Ва 


NEAR MAGNETIC FIELD INVESTIGATION----------- 


Uniformly Periodic Quarter Square Array- 


Uniformly Periodic Half Square Array---- 


FAR FIELD RADIATION PATTERNS---------------- 


На1ї# Зацоаге Апъеппа---=-=-==---===-=-=-== Е 


Uniformly Periodic Half Square Array---- 


V. CONCLUSIONS AND RECOMMENDATIONS----------------- 


APPENDIX 


APPENDIX 


APPENDIX 


APPENDIX 


APPENDIX 


APPENDIX 


APPENDIX 


A-NEAR FIELD EXPERIMENTAL RESULTS FOR THE 


QUARTER SQUARE ARRAY WITH A SWITCHED 
TRANSMISSION LINE IN FREE SPACE------------ 


B-NEAR FIELD EXPERIMENT RESULTS FOR THE 


QUARTER SQUARE ARRAY WITH A SWITCHED 
TRANSMISSION LINE OVER PERFECT GROUND------ 


C-NEAR FIELD EXPERIMENTAL RESULTS FOR THE 


QUARTER SQUARE ARRAY WITH A STRAIGHT 
TRANSMISSION LINE-------------------------- 


D-NEAR FIELD EXPERIMENTAL RESULTS OF THE 


HALF SQUARE ARRAY WITH IN-PHASE FEED 
бОПЕСЕ---------------------- сЕ са 


E-NEAR FIELD EXPERIMENTAL RESULTS OF THE 


HALF SQUARE ARRAY WITH ANTI-PHASE 
FEED SOURCE-------------------------2------- 


F-HALF SQUARE ANTENNA RADIATION PATTERNS----- 


G-HALF SQUARE ARRAY ANTENNA RADIATION 


PATTERNS ======22== == = O a CES ыы 


LIST OF ВЕЕЕВЕМСЕ5------------------------------------ 


INITIAL DISTRIBUTION LIST----------------------------- 


55 
96 
об 
56 
62 
67 
67 
68 


71 


Ta 


84 


99 


100 


111 


120 


R NT RODUCTION 


A. MILITARY HIGH FREQUENCY COMMUNICATION PROBLEM 

Today's military forces have the capability to be highly 
mobile, strike quickly over long distances, and integrate 
complex intelligence resources and weapon systems to 
effectively Poe: combat power at critical points. The 
coordination and control of these capabilities rely оп 
dependable communications. To support the complex nature 
of the modern battlefield, the military employs numerous 
and varied communication systems. 

High frequency (HF) communication systems provide the 
military short, medium, and long range communication for 
voice, digitally coded burst messages, radio teletype 
traffic, and radio telegraph (CW). The users of military 
HF communications vary from special operation teams 
operating in isolated areas po nador military command 
headquarters controlling joint service operations. The 
demanding and varied requirements placed on military HF 
communications create a unique problem for the antenna 
engineer. 

In designing antenna systems for military HF communica- 
tions, the engineer has to consider the operating frequency 
range of 2 to 30 MHz, the variety of transmitting equipment 


utilized, and the proposed deployment of the equipment. 


Understanding the various conditions imposed on an antenna, 
the engineer must establish the conditions which the 
antenna will be designed to operate in, and then design to 
optimize performance under those conditions. To obtain a 
useful antenna design, the engineer tries to achievers 
balance between meeting operating conditions that allow the 
military to effectively deploy the structure while providing 
an dcus e performance. The engineer has historically 
faced a critical decision in achieving tülis Da ncen 
having to select an antenna size which supports a highly 
mobile force while compromising electrical performance if 
the physical size is small compared to the wavelength of 
operation, or selecting a size which enhances electrical 
performance at the sacrifice of limiting mobility and 
employment. 

In response to design requirements, D. V. Campbell and 
associates at Fort Monmouth, New Jersey proposed a 
lightweight wire structure consisting of half square 
elements arranged in a log-periodic configuration with dual 
feeds (Figure 1). The antenna was designed to be mobile 
with on-site construction, support broadband communication 
requirements with a frequency range of 2 to 30 MHz and 
provide low and high angle propagation modes Tore oM 
medium, and long range communications. [Ref. 1] The focus 
of this paper is to provide more information about this 
proposed design and its potential for development as a 


military HF antenna system. 


LOG—PERIODIC HALF SQUARE 


Figure 1.  Log-periodic Half Square Antenna with 
Dual Feed 


B. HISTORICAL BACKGROUND 

1. The Development of Log-Periodic Antennas 

During the period from 1955 to 1956 resar p к 

conducted at the University of Illinois under the sponsor- 
ship of the United States Air Force to develop an antenna 
which was frequency independent. V. H. Rumsey noted that 
the characteristic length of the structure as сопратес я 
the operating wavelength S) introduced the frequency 
dependence observed in the antenna performance. Rumsey 
concluded that if a structure could be made self-scaling 
the characteristic length could be eliminated, and a 
structure that could be described by angles alone тоци 
provide such a characteristic. This conclusion ic O Ten 
referred to as the "angle concept." [Ref 2E Cre MEE 
which can be described by angles alone normally have an 
infinite length like the infinite бі сопіса ап те 
(bow tie) antennas. Since infinitely long structures can 
not be constructed, the finite length of the physical 
structure introduces a characteristic length property which 
eliminates the predicted frequency independent pens ои 

Raymond DuHamel was the next to continue research on 
designing a broadband antenna with linear polarization. 
DuHamel interpreted the truncation problem observed by 
Rumsey in the work conducted on finite biconical and bifin 
antennas as the fact that the current on пе сесси 


not demonstrated significant attenuation ath оса 


10 


point. In his work, DuHamel observed that by introducing 
die continuities into the structure in the form of teeth, 

he was able to increase radiation and the decay of current. 
Discovering that the teeth increased current decay in the 
structure, the investigation continued into the question of 
the effects that spacing and placement of the discontinuities 
on the structure had on the electrical performance. In his 
analysis of this problem, DuHamel recalled the work by 
Rumsey on the angle concept and on an equiangular spiral 
structure which had successfully demonstrated a broadand 
performance. From this information, the decision was made 
eut teeth along circular arcs With a constant spacing 


вето. T(Figure 2). 


Т = ---- [Ref. 3] 


The finite length still created a characteristic length 
which eliminated the possibility of achieving complete 
frequency independence, but over a discrete frequency 
range, the structure exhibited a self scaling characteris- 
tic which allowed the antenna's performance for this 
frequency range to match the theoretical performance on an 
infinite structure over the same frequencies.  DuHamel 
observed that the antenna demonstrated a performance in a 


periodic relationship to the operating frequency, and 


d 





DuHamels' Log-periodic Structure 


Preure 2. 
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concluded that the antenna's performance was virtually 
identical for frequencies related logarithmically as 


1 
log =. Шері 50 cn: v 


I 
From the periodic performance of the antenna being related to 
the logarithm of the frequency, the structure was identified 
as a log-periodic antenna. [Ref. 4] 

From Duhamel's work, many different structures were 
built and tested with varying degrees of frequency indepen- 
dence, but the EE (ОЛОВА О от CO the study of 
log-periodic antennas was made by a research assistant of 
Euamel-at the University of Illinois, D. E. Isabell. 
Isabell discovered by folding the structure into a wedge 
(Figure 3) the radiation pattern could be changed from a 
Ed, bidirectional pattern into a unidirectional pattern 
With the primary direction of propagation being off the feed 
point of the structure. The new wedge shaped antenna 
demonstrated similar bandwidth properties but with lower 
impedance levels when compared to the equivalent unfolded 
structure. Continuing his research into log-periodic 
antennas, Isabell later discovered that the properties 
exhibited by the discontinuities on the structure were not 
dependent on the circular arc shape, as straight cut teeth 
provided the same performance characteristics (Figure 4). 


Isabell used the concepts of the wedge, the properties 


13 





7 
У 


Figure.3. Wedge Shape Antenna Proposed by Isabel 


Le 


Figure 4. Periodic Strüeture wiii Straight Cur 


Discontinue: 


observed in straight cut discontinuities and work by DuHamel 
which demonstrated that antennas formed by wire outlines of 
solid metallic structures provided similar performance 
characteristics to their sheet equivalent structure to 
develop a more conventional antenna using dipoles (Figure 5). 
Isabell established that the resonant elements must be 
staggered in a manner that will allow for a smooth transfer 
of the resonant region over the structure as a function of 
frequency. To accomplish this smooth transfer, the self 
scaling principle was employed to obtain overlapping 
response characteristics from the elements in the desired 
frequency range. The overlapping response was obtained by 
effective scaling of the dipole elements and scaling of the 
environment or spacing of the elements.  Isabell proposed 
the use of an element scaling factor, t, defined by the 


relationship 





prr 


where L, is the length of the dipole, and a space factor, 0, 
defined as a ration of the spacing, а) between dipoles and 


the length of the dipole 


n 


(07 = —— 


L, 
n 


The log-periodic dipole array antenna (LPDA) designed by 
Isabell has proven to be a successful broadband antenna. 


[Ref. 5] 
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Figure 5. Log-periodic Dipole Antenna 
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The conventional structure of the LPDA allowed for 
the first time an opportunity to analyze a log-periodic 
екпеге with conventional analytic methods. R. L. Carrel 
made the first significant advances in the mathematical 
analysis of the performance characteristics of the LPDA. 
iol, Carrel, using early digital computer programming 
techniques, calculated the impedances on the structure, and 
then used the impedance — Tiro пл ре analysis о: 
а loaded transmission line for the calculation of input 
impedance, voltage, and current on the transmission line. 
ШЕГІР the calculated information about the transmission line 
ST medi current distribution along the elements, Carrel 
was able to calculate the radiation patterns for the 
structure. The comparison between the values of current 
calculated by Carrel and the values measured along the 
structure proved to be within experimental accuracy, and 
leading the engineering community to accept his analysis of 
the structure and a set of design ЗЕЕ formulated 
relating scaling factors to design objectives (Figures 6 
and /). [Ref. 2] 


2. The Development of the Half Square Log-Periodic 
Antenna 


The half square antenna (Figure 8) served as the 
prototype for the elements implemented in this antenna. Ben 
Vester, an amateur radio operator, first noted that success 


of the half square antenna when he discovered that a bobtail 
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Figure 8. Half Square Antenne 





TO FEED LINE CR 
MATCHING NETWORK 
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Figure 9. Bobtail Antenna 
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antenna (Figure 9) which had accidentally broken in half, 
demonstrated very little change in impedance and radiation 
pattern from the successful bobtail antenna. The current 
distributions on the half square antenna elements appear 

as if they were generated by a full wavelength antenna 
center fed with current loops located at quarter-wave 
points. The current distributions on the vertical wires 

are generated in phase resulting in broadside radiation 
patterns. From further investigation, Vester noted that a 
two element half square array antenna provided a wider 
bandwidth performance than the single element, and by moving 
the feed point to different positions along the transmission 
Tine, a directionality change was observed in the radiation 
pattern. Vester's half square antenna has proven to be a 
successful high frequency antenna for amateur radio 
operators. [Ref. 6] 

Campbell and associates postulated that the half 
square antenna developed by Vester could be implemented into 
a log-periodic structure for use in military HF communica- 
tions based on the performance characteristics observed. 

The proposed design implemented a dual feed system which 
Provided the capability to alter the current distribution 
along the wires and support either low angle or high angle 
radiation. By observing that the current distributions on 
the half square structure demonstrated characteristics of 


тепе loops placed at the corners of the structure, 
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Campbell proposed that a dual feed system could be employed 
by feeding the corners that would provide current distr shee 
tions Similar to a single feed system if coupling was 
reduced by an insulator at the midpoint of the structure. 
The dual feed system allows for the vertical wires to be 
excited in either an in-phase or anti-phase mode. The 
in-phase mode provides a current distribution along the 
Structure similar to the currents observed in a single feed 
structure; consequently, provides a radiation pattern of 
primarily vertical polarization. The anti-phase mode creates 
currents in the vertical wires which are out of phase with 
each other eliminating the vertically polarized radiation, оог 
allowing the currents along the horizontal wires to prova 
a horizontally polarized radiation басе 

Utilizing the dual feed concept proposed, a prototype 
of the log-periodic half square antenna was constructed yap 
Fort Monmouth for testing a frequency range of о to 50 r 
Campbell reported in his initial paper on the antenna that 
during the testing, the antenna exhibited impedance behavior 
common to a log-periodic structure, and computer modeling 
efforts demonstrated acceptable gain and pattern performance 


to warrant further investigation Е E] 


С. GENERAL CHARACTERISTICS OF SUCCESSFUL LOG-PERIODIC 
ANTENNAS 


From the work conducted by the individuals discussed in 


the previous section and others, some general characteristics 
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Or Successful log-periodic structures can be concluded from 
experimental results despite the complexity observed in 
attempting theoretical analysis of such structures. For a 
structure to be considered log-periodic in nature, the 
electrical properties must repeat periodically with the 
logarithm of the frequency. It has been shown in previous 
work that the periodic relationship appears to be a 
Шесесату, but not a sufficient characteristic condition to 
ensure broadband performance. In some log-periodic 
Euctures, large variations in electrical performance over 
ЕКО ог truncation effects destroy the periodic 
characteristics in certain frequency ranges and eliminate 
the broadband performance. To maintain the relative 
frequency independence of the structure, variations of the 
electrical properties over a period must be small and the 
structure must demonstrate a rapid decay in the current 
ШЕП ап "active region" (or region of radiation) to 
EXNminate end effects caused by finite truncation of the 
electrical length of the structure. Backward wave 
radiation is another characteristic observed in successful 
log-periodic designs. If a structure is being excited by a 
feed point providing a wave travelling on a transmission 
Шише from left to right, backward radiation occurs if the 
magnitude of the current is sharply attenuated as it 
travels across the left-most element of the active region 


and if the phase of the current in the element on the right 


leads or increases in phase from the element on the left. 
This relationship results in a beam forming to the left 
and a null to the right creating a wave which propagates 
back in the direction of the feed, backward radiation. 
General amplitude and phase relationships along with the 
resulting rediation patterns are shown in Figure 10. 
Typical amplitude and phase relationships from backward 
radiation regions of loop and dipole arrays are shown in 


Figures 11 and 12. 
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Figure 10. Amplitude and Phase Relationship for Various 
Areas of the Radiation Region 
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Current Amplitude and Phase in the Backward 
Wave Radiation Region for a Small Loop Array 
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II. THE SELECTED APPROACH FOR FURTHER INVESTIGATION 
OF THE LOG-PERIODIC HALF SQUARE ANTENNA 


A. THE TECHNIQUE OF UTILIZING A UNIFORMLY PERIODIC 

STRUCTURE 

To provide more detailed information about the potential 
of the log-periodic dual feed half square antenna, the method 
proposed by Mayes, Deschamp, and Patton of investigating the 
near field properties of a uniformly periodic structure was 
selected as the starting point for research. Their propos g 
method suggested that a log-periodic structure СО ре 
interpreted to be a tapered or scaled version of a uniformly 
periodic array, and the near field properties of the uniform 
array could be analyzed over a frequency range to identify 
the necessary characteristics for a successful log-periodic 
structure. [Бег 7] In independent research projects; 
Hudock and Tezmen utilized this approach to investigate the 
potential of monopole arrays and small loop arrays as 
log-periodic antennas. [Refs. 8, 9] 

Utilizing this technique, a uniformly реп оа он ae 
square array antenna (UHSA) with a dual feed could be 
analysied to determine if the characteristics 
periodic structure could be identified with@agmethod 
similar to the one employed by Hudock and Tezmen. For the 
structure to be considered as having potential for developmen 


as a log-periodic antenna, the analysis should provide 
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information to demonstrate that the structure can support 
ВЕ о radiation, does not lend itself to large variations 
in electrical properties over the frequency range of interest, 
and creates sufficient current decay to eliminate end 
effects. The identification of the characteristic properties 
indicates that with proper scaling a log-periodic antenna can 
be developed. 
В. THE APPLICATION OF THE BRILLOUIN DIAGRAM TO THE NEAR 

FIELD INVESTIGATION 

Backward wave radiation has been identified as a key 
characteristic to successful log-periodic antennas. The 
backward-travelling wave is created by the effective 
coupling of the forward-travelling wave on the transmission 
line and the space harmonics of the elements. To achieve 
EMS desireable condition, the feeder wave medium must 
Produce a fast-wave along the structure to facilitate 
radiation. The determination of whether a wave is 
considered fast or slow is based on the relationship 
between the phase propagation constant of the wave on the 
EUructure, B, and the free space phase constant or wave 


number, К, 


k = 27/1 


The comparison of the two phase constants determines the 
relative phase velocity of the feeder wave. A slow wave 


is defined to exsist when >k or equivalently when the 
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phase velocity of the feeder wave is travelling on the 
structure faster than the phase velocity от а маме тасташы 
in free space, and conversely, a fast-wave is generated when 
K>6 condition exists. 

The accepted method of analyzing the k to B relationship 
is the Brillouin or k-8 diagram (Figure 13). Mitira ama 
Jones discussed the significance of the k-8 diagrams in the 
analysis of log-periodic antenna designs in a paper 
published in 1956. [Ref. 10] In their analysis of the К-р 
diagram, three distinct regions were defined based on 
performance characteristics observed on structures when @ 
particular k-&8 relationship existed. The regions defined 
are normally referred to as the propagation region, the 
complex region, and the radiation region. The propagation 
or P region is identified to exist in regions of the diagram 
where very little or no attenuation is observed on the 
feeder wave, and is normally found in the slow-wave areas. 
The complex or C region exists in the slow wave portion of 
the diagram where appreciable attenuation of the feeder 
wave is observed. The presence of the high level of 
attenuation in a slow wave area indicates the structure 
does not lend itself to the necessary coupling of energy то 
Space which would facilitate radiation, but иссе тен 
as a stopband filter region. The © resion лой родения 
present in the k-f relationship for many structures, but 


will probably be present in structures that demonstrate 
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Figure 13. Brillouin Diagram 
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Figure 14. Radiation Region of a Brillouin Diagram 
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large variations in electrical performance. [ке тал | 
or R region is located in the fast-wave portion of the 
diagram and is characterized by a complex B with а signifis 
cant attenuation. The R region is normally sub-divided into 
a forward radiation region, Res located near the boundary, 


k = B, and a backward radiation region, Кы, located near 


the boundary k = -8 (Figure 14). The direction of propagation 


for the waves radiated under these conditions is given by 


1 


0 = cos. [Ref. 7] 


^ vo 


where 0 is measured from the axis of the structure. Іп 
Hudock's study of a uniform monopole array, he closely 
examined the relationship between the subdivisions of the R 
region and the far field propagation patterns (Figure ae 
The transition from backward radiation to forward radiation 
appears to occur gradually across the fast wave region with 
the most directional radiation patterns occuring close rte 


the fast to slow boundary. 


С. TECHNIQUE FOR OBTAINING THE k-f£ RELATIONSHIP 

The k-B relationship for periodic structures can be 
obtained from either a theoretical approach which involves 
developing a characteristic function for 8, or an experi- 
mental approach which investigates the near field properties 


of a periodic structure. The theoretical approach invo vamm 
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Figure 15.  Hudock's Diagram Relating k-B Relationship 
to Far Field Radiation Patterns 
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а characteristic function in terms Of 8 15 а перса 
method which is developed in detail by Mittra. [Ref. 11] 
Due to the complexity of the analytical approach pro pecea 
by Mittra, the experimental approach was selected for the 
investigation of the k-8 properties of the uniform half 
square array antenna with a dual feed system. The experi- 
mental approach of investigating the near field characters 
tics has been previously employed on several structures, 
and has proven to be a fiarly simple and satisfactory method 
of obtaining the characteristics of a structure from wires 
the phase relationship can be obtained. 

The purpose of the experiment is to take measurements 
which will determine the propagation constant, В, present 
on the structure for different frequencies. To determine 
the amplitude and phase of the current along the transmission 
line must be measured from the near field of the structure 
to determine the properties of the feeder wave. In early 
experiments, a current loop was placed in the near magnetic 
field as a method of measuring field strength along the 
structure. Since the magnetic near field is proportional 
to the current along the conducting elements HE TEs 
current phase and amplitude can be determined from the 
measurements. 

In frequency regions located away from the resonant 
wavelengths, standing wave patterns will normally be observed 


for the current distribution along the transmission) liners. 
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the structure. The standing wave pattern lends itself to 
analysis of the structure as a simple transmission line; 
therefore, measuring the distance between nulls or minima 


points, d, determines the guide wavelength, Ag. 


Ag = 2d 


Knowing Ag, В сап Бе calculated from the measurement, 


Ш- on) Ae = n/d 


As the frequency approaches the resonant wavelength, the 
feed wave and current distribution demonstrate an attenuation 
in amplitude as it travels down the structure. The 
attenuation virtually eliminates the reflected wave and 
resulting standing wave pattern. The incident feeder wave 
appears as a travelling wave along the structure with a 
resultant phase to distance relationship. 8 in this 
frequency is now dependent on the change in phase, A9, with 
respect to distance, and is defined as the slope of the 


phase change with distance, 


pe 


Db 
ala 


In earlier experiments performed by Hudock and Tezmen, 
measuring the phase change in the current with distance was 
based on the concept of comparison of a measured point to a 


reference point. 
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For this experiment, the measurements will be made in a 
Similar manner to earlier experiments, рп по реза но кик 
structing a prototype structure and employing a аро os 
environment to measure the near field, the structure wie 
modeled on a computer using the Numerical Electromagnetics 
Code (NEC). Experimental data will be obtained from numerous 
Simulation runs with controlled parameter variations to 
observe the calculated response of the structure. Оши ние 
the capabilities of NEC, a near magnetic field investigation 
can be conducted on the UHSA which will provide data that 
allows for the determination о? P in the manner employed in 
earlier experiments. The NEC code allows for an ideal 
analysis of the structure to be undertaken without imposing 
size limitations on the structure to faeilitate laboratemu 
use or introducing human error into the measurement of 


phase change. 


D. DESCRIPTION OF THE NUMERICAL ELECTROMAGNETICS CODE (NEC) 
МЕС сап be simply described as a computer code designee 
to provide analysis of the electromagnetic response to metal 
structures. The code was developed as an upgraded version 
of the Antenna Modeling Program (AMP) at Lawrence Livermore 
Laboratory to obtain numerical solutions ron ini e 


equations which describe the current distribution on a 
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structure. [Ref. 12] By employing a method known as the 
method of moments, the code reduces integral equations of 


the form 
КОНИ аат = Е (а) PP 3] 


to a system of simultaneous linear algebraic equations 
developed in terms of the unknown current component, I(Z'). 
The method of moments approach to solving eee current 
distributions eliminates the need to restrict the current 
distributions along the structure to simplifying assumptions 
allowing a larger number of antenna structures to be 
analyzed. The NEC code provides accurate solutions to the 
ЕЕРРЕРЕпг distributions of a particular structure, and then 
utilizes the current values to evaluate structure impedances, 
pPadiation patterns, and near electric and magnetic fields. 
The NEC code installed on the Naval Postgraduate School 
mainframe employs single and double precision versions of 


the code to enhance accuracy of the calculations. 


ЭТ 


III. EXPERIMENTAL CONSIDERATIONS AND PROCEDURE 


A. ESTABLISHING AN EXPERIMENTAL STARTING POINT 

The purpose of the experimental portion of the research 
was to provide additional information about the character- 
istic performance of the log-periodic half square antenna 
with dual feed. In order to provide Lhis informat ons 
research was conducted into two areas of interest. The fie 
and primary area of experimental research was an investiga- 
tion into the near magnetic field of a uniformly period ms 
half square array antenna (UHSA) with a dual feed system to 
establish the k-f relationship for the structure. The 
second portion of the experiment was the evaluation of the 
far field radiation patterns of the single element antennas 
and the uniform array of half square elements. 


1. Determining the Size of the Uniform Array of fale 
Square Elements 


Since the method selected to analyze performance was 
based on the experimental evaluation of a uniform array, the 
size of the array structure had to be established both in 
terms of element lengths and element spacing. The utilization 
of NEC removes laboratory restrictions on construciones 
of the antenna; therefore, considering the taco 
antenna is being designed for military пар кеси ил 


communications, the frequency range of operation will be 2 
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to 30 MHz. А mid range frequency of 8 MHz was selected for 
the resonant wavelength of construction as it represents a 
midpoint frequency two octaves above the low frequency and 
approximately two octaves below the high frequency of 
operation. The uniform spacing between elements was 
A rected arbitrarily to be a half wavelength at the resonant 
frequency. The selection of spacing was cónsidered 
arbitrary as the spacing of elements can be considered to 
be a function of the input frequency; consequently, changing 
Lhe frequency at the input is the same as varying the element 
spacing at a constant frequency. The radius of the wire was 
established for the model as .000814 meters based on the 
prototype construction which utilized number 14 gauge wire. 
The use of a 10 element array was an arbitrary selection, 
but made with the consideration that the array should be at 
least one wavelength long for the lowest frequency of 
interest. The experimental structure is shown in Figure 16. 
I modeling purposes, the insulator placed at the midpoint 
of the horizontal wire on the prototype was replaced by an 
Шеп circuit on the model to act as an ideal insulator. 

2. Determination of a Transmission Line for the Model 

In the initial design and construction of a 

prototype antenna for testing, a 300 ohm open wire trans- 
mission line was utilized. From the results of the initial 
test, an impedance value of 300 ohms was accepted M a valid 


Starting value for the impedance of the transmission line in 
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REPRODUCED AT GOVERNMENT EXPENSE 


Figure 16. Uniformly Periodic Half Square Array 
Antenna Model 
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the NEC model. NEC allows transmission lines to be modeled 
either as implicit transmission line equations for balanced 
EDpuctures or explicitly as wires on the structure. Тһе 
use of implicit transmission line equations allows the code 
to treat the transmission lines as two port networks using 
the defining parameters of characteristic impedence and 
meneth to calculate their response characteristics. Implicit 
transmission lines create a more general model of the 

EE ture, and reduce the number of wire segments in the 
model consequently, the size of the matrix necessary to 
evaluate currents is reduced for equivalent structures. In 
explicit transmission line models, the transmission line 

15 represented as open wires on the structure with an 
impedance value determined by the spacing and the redius 

of the wire input into the model geometry. The explicit 
transmission line provides for more accurate modeling and 
The ability to model unbalanced structures; however, the 
addition of extra wires increases the size of the matrix 
Шнитке to calculate the current values. The larger matrix 
created by the addition of wires results in a longer run 
time for the code, and if the matrix is expanded beyond the 
ze limitation of the code, steps must be taken to reduce 
the total number of current segments on the structure. The 
number of current segments may be reduced by reducing the 
Ее ОГ the structure or eliminating the number of current 


segments by increasing the sizé of segments on each wire. 


ai 


These alternatives may not produce desireable or accurate 
modeling results for the structures 

Since the half square may not be a well balanced 
structure, an evaluation of the two methods was conducted 
to insure that modeling accuracy is not compromised for 
computer costs and modeling simplifications, or that como 
models do not waste computer assets unnecessarily when an 
accurate model can be achieved with the use of implicit 
transmission lines. The evaluation process consisted of a 
two part analysis. The first step of the analysis was to 
construct a 300 ohm two wire transmission line model using 
NEC. The second part of the analysis was to evaluate the 
antenna utilizing an implicit transmission linean ап 
identical antenna utiliZing an explicit transmission line. 

The two wire transmission line equation for the 
characteristic impedance, 2» under an assumed low loss 


condition is 
AA a (Ref. 137 
O a 


The wire separation distance, D, can be determined knowing 
the radius, a, of the wire used in the construction NM 
this model, the wire radius was established as .000814 meter, 
number 14 gauge wire, and D determined to be approximately 
.01 meters. A model of a two wire transmission line was 


constructed using the calculated values with ЦЕС Папа те 
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evaluated to determine о" To find Los one wavelength (12) 
and 3/8A lengths of transmission line were evaluated under 
open and short circuit conditions with double precision NEC 
to provide impedance values for the structure. Using the 

NEC calculated values for the open circuit impedance Loc » 


апа the short circuit impedance Zea» Йо was calculated by 


Oo oc “SC 


The separation of .01 meters produced a NEC modeled trans- 
mission line with a characteristic impedance of approximately 
356 ohms. То verify this technique of obtaining Й о? а. 

second technique of loading a 1A length of transmission 

line with a load impedance, 21, equal to 2 was utilized. 

In the second technique, the currents calculated along the 


structure by NEC were analyzed for maximum and minimum 


magnitude points to establish a standing wave ration (SWR) 


V I 
SWR = ws = ae Ме 16] 
MIN MIN 


Knowing that a matched load does not produce a reflection 
coefficient and results in a SWR of 1, the accuracy of the 
о bou be verified for the structure. In this first run, 
the SWR was calculated to be 1.07 which demonstrated that 
the two ue closely agreed and could be utilized to 


determine 2 for a modeled transmission line. 
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The model analysis showed that a separation of .01 
meters was too large to provide a 300 ohm impedance. 
Utilizing an iterative procedure Of Varying Еперне 
value, D, and experimentally evaluating the new structure 
for characteristic impedance, a value of D equal со “ы 
meters was determined to provide the closest approximation 
to a 2 of 300 ohms in a NEC modeled explicit transmission 
THO. 

In the second part of the analysis, a 2 element 
uniform dipole array antenna and a 2 element uniform half 
square array antenna were selected for testing performance 
variations between implicit and explicit transmission line 
models. The dipole array was selected to be a control for 
the experimental evaluation since the conventional dipole 
structure is balanced and commonly modeled with the implicit 
transmission line. By evaluating the dipole antenna with 
the two transmission linewmodels (Edigures 17 апа 18) 48 
comparison standard was achieved for current distributions 
and far field radiation patterns (Figures 19 and 20) for the 
different models which could be applied to the half square 
antenna. The performance comparison of the dipole antenna 
showed a maximum current value deviation of 6.5%, nearly 
identical radiation patterns, and a difference шиа паии 
gain of .24 dB. The half square antenna (Figures 21 апа 228 
demonstrated a current magnitude deviation from 4 to 12%. 


very Similar radiation patterns (Figures 23 and 24), апа а 
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Figure 17. Dipole Antenna Implicit Transmission Line 
Model 


Figure 18. Dipole Antenna Explicit Transmission Line 
Model 
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IMPLICIT TRANSMISSION LINE 





OPEN 2 WIRE TRANSMISSION LINE 





REPRODUCED AT GOVERNMENT EXPENSE 


Figuro ab. 





Half Square Antenna with Implicit 
Transmission Line 
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L irure 22. 


Half Square Antenna with Explicit 
Transmission Line 
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IMPLICIT TRANSMISSION LINE 








difference in maximum gain of .36 dB. Етот the ol es 

the conclusion was drawn that the dual feed system allows 

the half square antenna to act as a balanced structure, and 
the implicit transmission line model will provide performance 
characteristics which will allow for valid experimental daca 


to be obtained on the half square structure. 


В. OBTAINING DATA FOR THE К-В DIAGRAM 

The uniform half Square array antenna with a dual feed 
system can be interpreted to be two quarter square antennas 
connected together by an insulated connector on the hori- 
zontal wires. To gain insight into Che pertiormance 
characteristics of the desired antenna, the decision was 
made to start the analysis in parts by first looking at Tumi 
near field characteristics of the quarter square structure, 
and then the half square structure. 

1. Uniformly Periodic Quarter Square era, 

The quarter square antenna was modeled with identical 
dimensions to the half square, but the reflection (or the 
half of the structure which is produced by mirrorin R D 
structure across the X-Z plane) of the structure was 
eliminated (Figure 25). By eliminating the reflection and 
the second feed line, the physical properties of the 
structure's vertical and horizontal EDE 
observed without the effects of coupling between sides of 


the antenna and the excitation of the second feed. Utilizing 
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Биешге 29. 


Uniformly Periodic Quarter Square Array 
Antenna 
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the capability of NEC to calculate the near magnet NP M NN 
near magnetic field data for the quarter square antenna was 
colle-ted for analysis by controlled parameter variation. 
Following the experimental procedures of Hudock and Tezmen, 
the input frequency was stepped through the range of 
interest for a given set of experimental conditions while 
collecting near field measurements for each frequency 
applied to the input of the antenna. The NEC code utilized 
to obtain this information was instructed to make near 
magnetic field calculations along the transmission line at 
points where the horizontal and vertical wires were 
connected to the line. The first set of conditions looked 
at the structure with a crossed transmission line in free 
space. In the second set, the effect of ground was 
investigated by applying the limiting condition of perfect 
ground under the structure. The final variation observed 
with the quarter square array was the effect of a 
straight transmission line in free space. 
2. Uniformly Periodic Half оа пате зии к 

After testing the performance of the quarter square 
array, the uniformly periodic half square array was 
evaluated utilizing the same NEC procedure to accummulate 
near magnetic field data. For the half square array вині 
dual feed, sets of near magnetic field data were collected 


Рог the following condition: 


o4 


1. Crossed transmission lines with in-phase feed voltages 
in free space. 


2. Crossed transmission lines with in-phase feed voltages 
over perfect ground. 


3. Crossed transmission lines with anti-phase feed 
voltages in free space. 


4. Crossed transmission lines with anti-phase feed 
voltages over perfect ground. 

С. FAR FIELD RADIATION PATTERNS 

The second portion of the experimental research was an 
evaluation of the far field patterns. This portion of the 
experiment first looked at the radiation patterns of the 
half square antenna with dual feed as one element of the 
array, and the effects of in-phase and anti-phase feed 
voltage sources had on the element pattern over the 
frequency range. Next, the far field radiation patterns 
were calculated for the uniform half square array over the 
frequencies identified as being in the radiation region 
of the k-8 diagrams for in-phase and anti-phase voltage 
sources. The far field patterns were calculated by the NEC 
code utilizing the structure models created for the near 


field investigation. 
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IV. EXPERIMENTAL RESULTS 


° 


A. NEAR MAGNETIC FIELD INVESTIGATION 

A plotting program was used to assist in the analysis of 
the near field data collected. By plotting the magnitude 
and phase relationship of the near magnetic field, 
characteristic regions could be identified for more mimi 
depth investigation and the necessary technique for cal- 
culating the propagation constant, В, could be determined. 
8 was calculated for the various frequencies from the 
numerical values provided by NEC using the relationships 
defined by Mittra and utilized by Hudock and Tezmen. 
Along with the calculation of в, the attenuation of the 
field over the structure was calculated by a normalized 
ratio of the magnitude values. The calculated data rh 
and attenuation was then plotted in a Brillouin diagram 
to allow for an analysis of the structures properties 
and potential for development as a log-periodic antenna 
to be evaluated. 

1. Uniformly Periodic Quarter заџакон то 

In analyzing the data for the three сеге ог 

conditions applied to a quarter square array (Appendixes A, 
B, and C), similar responses were observed for the 
switched transmission line in free space and perfect 


ground while the unswitched transmission line demonstrated 
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a radically different response. The similarity of the 
responses over the extreme ground parameters can be 
observed in the magnitude and phase of the calculated near 
field and in the k-8 diagram (Figures 26 and 27). The 
switched transmission line structure demonstrated properties 
menducive to backward radiation in the frequency region of 
о 7.9 MHz, and the К-В diagram pictorially shows that 
the propagation region is immediately followed by a backward 
radiation region. The unswitched transmission line dis- 
played very different responses over the frequency range 
as summarized by the k-8 diagram for the unswitched trans- 
шиеетоп line structure (Figures 28 and 29). The k-8 
diagram shows a propagation region followed by a complex 
region. The presence of the complex region EOS 
that the unswitched transmission line created a condition 
теп did not facilitate the coupling of energy into space; 
consequently, the complex region identifies the structure 
Ban ineffective radiator. 

From the experimental data, three conclusions can be 
drawn. First, the switched transmission line is an 
ШІ Гесііуе radiator; therefore, the structure with the 
unswitched feed system will not have the potential to 
become a successful log-periodic antenna. Secondly, ground 
Fr meters appear to have very little effect on the near 
field response of a quarter square structure with a switched 


Pu I mission Line. Finally, the near field characteristics 
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Figure 26. k-8 Relationship for a Quarter Square Array 
with a Switched Transmission Line 
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Figure 27. The Observed Attenuation on the Quarter 
Square Array with a Switched Transmission 
Line 
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Figure 28. k-f Relationship for a Quarter Square 
Array with a Unswitched or Straight 
Transmission Line 


60 





KD 


3.6 


r шн | 3.3 


eT 


1.0 


Figure 29. 





-- 


а 51351190 5 5 о и и de 16 17 18 
ATTENUATION (DB) 


The Observed Attenuation on a Quarter 
Square with a Unswitched or Straight 
Transmission Line 
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demonstrated by the switched transmission line structure 
show potential for the structure as a log-periodic antenna 
and warrant further investigation. : 
2. Uniformly Periodic Half Square Array 

The near magnetic field investigation continued with 
the analysis of the uniform half square array antenna. The 
analysis of the half square array data again showed very 
Similar results for the limiting ground parameters evaluated 
for both the in-phase and anti-phase excitation modes; 
therefore, to alleviate repetition, the experimental resus 
for the in-phase and anti-phase modes are shown only for the 
free space condition in Appendixes D and E. The in-phase 
mode of excitation produced the expected results that the 
half square array would produce similar near field 
performance characteristics to the quarter square array. 
The k-8 diagram for the in-phase half square array (Figures 
30 and 31) identifies a backward radiation res Tontas 
frequency range of 6.25 to 7.9 MHz, the same frequenesy 
region as the quarter square array. The anti-phase excita- 
tion condition produced a very unexpected result rre s 
the region of backward radiation occurred in a frequen. 
range of 3.5 to 4.0 MHz. The k-g diagram for the anti=phace 
mode (Figures 32 and 33) graphically depicts a propaga rmui 
region followed by this small region of backward radiation. 

The near field investigation Oi eme E сят 


periodic half square array showed that the structures vam 
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k-B Relationship of a Half Square Array 
with In-Phase Feed Sources 
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Figure 31. The Observed Attenuation of the Half 
oquare Array with In-Phase Feed Sources 
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support backward radiation for both the in-phase and anti- 
phase excitation modes, but noted that the backward radiation 
regions occur in different frequency ranges or element 
Spacing intervals. The identification of two етен 
regions of backward radiation supports the projection that 
the dual feed system will support both low and high angle 
propagation modes.  Recalling that the direction of propa- 
Sation angle, 9, is a function of cos”? of the ratio of 
p/k, it was observed that the in-phase mode will support 
backward radiation with a high angle of propagation, and 
the anti-phase mode will create a low angle of propagation. 
The ability of the structure to support backward radiation 
in’ the frequency range of interest for both modes allows 
ТОТ the possibility of a successful log-periodic antenna 


design to exist. 


B. FAR FIELD RADIATION PATTERNS 
1. Half Square Antenna 

The far field radiation patterns were calculated and 
plotted for the half square antenna to determine performance 
characteristics of the elements. The radiation patterns for 
the half square antenna with both in-phase and anti-phase 
Bei cation are shown in Appendix F for the frequency range 
determined to be of interest by the К-В diagrams. The 
patterns were calculated for the free space condition in 


Eger that both verticle and horizontal polarization 
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patterns could be observed without ground effects. The 
in-phase mode generated patterns with primarily vertical 
polarization, and the maximum gain condition occured when 
the input frequency matched the design resonant frequency. 
The anti-phase mode generated interesting radiation pattern 
results. For the 2 to 4 MHZ region, the radiation patteris 
showed endfire gain with primarily horizontal polarlizationa 
but as the frequency increased the pattern changed to show 
horizontally polarized endfire radiation with О dB gain ава 
vertically polarized broadside radiation with O dB gain. 
From the far field radiation pattern information and the 
k-B diagrams, there appears to be a correlation developing 
between the frequency regions of maximum gain and the 
regions identified as supporting backward radiation for each 
excitation mode. 
2. Uniformly Periodic Half Square ATT 

The half square array far field radiation pall e 
were calculated for the in-phase and anti-phase excitation 
modes using the frequencies determined by the k-8 diagram 
to SUDORE backward radiation (Appendix G). By observing 
the resulting radiation patterns, the k-B relationship 
calculated from the near field could bes eri зна 

The in-phase excitation mode patterns demonstrated 
a predominant vertically polarized gain, and (пе pp rr с 
behaved in the manner predicted by Hudock. The rregu m 


points close to the К-К, boundary (7.2 MHz) demonstrate 
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i iroctional pattern with only slightly higher gain in 
the backward direction. As the frequency points moved 
рау from the boundary (7.6, 7.8 and 7.9 MHz), the pattern 
showed a more unidirectional gain characteristic, but 
still demonstrated some forward radiation. This forward 
radiation was predicted by Hudock, and probably results 
from the truncation effects of the structure and the 
predrcted high angle propagation. 

The anti-phase excitation mode produced horizontally 
polarized radiation patterns. For the anti-phase mode, the 
Rb region identified in the k-8 diagram was very small and 
close to the slow-fast wave boundry. Hudock predicted in 
his work with monopoles that the area very close to the 
boundry would produce the most unidirectional radiation 
characteristic, and the radiation patterns calculated for 
the half square array with anti-phase excitation demonstrated 
IS unidirectional characteristic. The radiation patterns 
ulated for 3.6 апа 3.8 MHz both showed unidirectional 
И rns in the backward radiation direction. 

Reviewing the radiation patterns, it can be concluded 
that the k-Bp diagram properly identified the backward 
Madiation region for the structure as predicted. It also 
should be noted that the dual polariZation property was 
observed for the dual feed system as predicted in the design 


by Campbell with vertical polarization dominant in the 


09 


in-phase excitation mode and a dominant horizontal 


polarization pattern with the anti-phase mode. 
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У. CONCLUSIONS AND RECOMMENDATIONS 


The purpose of this research was to provide information 
about the potential development of the log-periodic half 
Square antenna with dual feed as a military HF antenna. This 
information was provided through an analysis of a uniformly 
periodic half square array with dual feed. The experimental 
objective of this research was accomplished with a near field 
investigation to determine regions from a k- diagram with 
the potential for providing the characteristic backward 
расла лоп О log-periodic antennas, and with a far field 
radiation pattern analysis to verify the presence of 
backward radiation in the frequency region identified by 
the k-8 diagram and to observe end and truncation effects 
i he structure. 

From the experimental data, k-fB diagrams were constructed 
for both the in-phase and anti-phase excitation modes. The 
k-8 diagrams identified backward radiation regions for both 
modes of excitation. The in-phase mode identified 
Characteristics of backward radiation in the frequency region 


о 2 to 7.9 MHz. Despite being in the R, region of the 


b 
diagram, the identified k to 8 relationship was very close to 
the R TR. boundry, and this relationship caused the far field 
radiation patterns to exhibit backward radiation but with 


noticeable forward radiation. The anti-phase mode identified 
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regiorvard radiation in the region of 3.5 to 
on thgram. In the case of the anti-phase 

e idergion was very close to the fast-slow 
ndry igram, and the far field Tradition 
demon primarily unidirectional radiacio 
ackwaion. 

result experiment lead to the conclusion that 
ntialning aà successful log-periodic half 
ntennal feed does exist with proper scaling 
ing tc HF communications in the frequency 

2 to Before the possibility of the 
being for support oft шина ин 
ationdiscussed, further гесе т ш 

nto tk and spacing of the log-periodic 

and tting radiation patterns for the 


must led for beamwidth and gain. 
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APPENDIX A-NEAR FIELD EXPERIMENTAL RESULTS FOR THE QUARTER 
SQUARE ARRAY WITH A SWITCHED TRANSMISSION LINE IN FREE SPACE 
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APPENDIX B-NEAR FIELD EXPERIMENT RESULTS FOR THE QUARTER 


SQUARE ARRAY WITH A SWITCHED TRANSMISSION LINE OVER PERFECT 
GROUND 
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APPENDIX C-NEAR FIELD EXPERIMENTAL RESULTS FOR THE QUARTER 
SQUARE ARRAY WITH A STRAIGHT TRANSMISSION LINE 
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APPENDIX D-NEAR FIELD EXPERIMENTAL RESULTS OF THE HALF 
SQUARE ARRAY WITH IN-PHASE FEED SOURCE 
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APPENDIX E-NEAR FIELD EXPERIMENTAL RESULTS OF THE HALF 
SQUARE ARRAY WITH ANTI-PHASE FEED SOURCE 


Fw? MHZ 
DIST У5 МАО 


9.8 


Magnitude H, (a/n) x 10^? 


- ід -73 “фо -13 2% 3⁄2 73 Wet 
Онгепсе X (a) 
= ред МЕ; 

DST YS MAG 
> 
= 4.2 
38.9 
30.9 
44.0 
44.9 
— 
n 
т 
3 30.9 
$ ox 
š 22.9 
в. 
Be 
8.0 
9.9 
є -7% =, 29 9 29 ва 7% | 
Distance X Ga) 


Fe7 MHZ 
DIST YS МАЗ 


(01 х са/оу "Н •рпичвоуу 


(WV W^VY0010VNYY1 3 73 за 
A AAA, : Iq exc ر‎ Lx V I 


OS ISA A ~ ~ کے‎ 


0 
Distance X (m) 


-23 


-73 


D 


elo” 


Magnitude H, (a/w x 107? 


Magnitude H, (a/a) 


Fed MHZ 
DIST VS MAG 


9.0 


8.0 


7.0 


6.0 


4.0 


2.0 


-09 -73 -50 -24 0 25 59 75 юо 
Distonce X Ga) 


Feó.5 MHZ 
DIST VS MAG 


0.250 


0.225 


0.200 


9.73 


0.150 


0.23 


0.100 


0.073 


0.050 


0.025 
-100 -73 -39 -23 0 23 90 73 190 


Distance X (а) 


113 


Fe4.5 MHZ 


DIST VS ААС 


—— 
—— 
~~ 


= 
E Le 
= 
— AN -- 
Se зе 
A о 
—-———t 
` سے ے ے‎ 
о 
№ 
> 
N 
f р 
° ° o o o o 9 
e = о е: c ~ $ 
а 
„Olo (ш/о) Н ерпичвоуу 


ms ^ qe ра ө з s Ped ET TET ва 
ر“‎ e — г Е. ом ЕЗ n Yt Яги ^ ‹^ a a МИЎ # 
aa o 4 — — у rem 


73 


-753 -39 -23 


-100 


Distonce X (m) 


СТ 


Fe5.5 MHZ 


DIST VS MAG 


10.0 


„Dle 


9.0 


o o o 
~ 4 є 


(w/o) "ң өреңибоуу 


4.0 


-73 


-100 


Distance X (a) 


114 


Fay MHZ 


DIST VS МАО 
8 
7 
6 
© 
м 5 
r^ 
З з 
У 
4 
| 
о = Г 
-09  -73 9 -25 0 23 50 73 юю 
Distonce X (m) 
DIST VS PHASE 
0 
100 
50 
3 ; 
х 
s 
9 -% 
£ 
-юо 
-150 
-200 
-09 -73 -50 -25 9 25 50 78 106% 
Dhtance X (м) 


ШО 


` ' Fe3.85 MHZ 


DIST VS MAG 


Magnitude H, (a^m) 1072 





-00 -73 -59 -15 0 25 50 7$ 100 
Distance X (m) 


DIST VS PHASE 


“00 -79 -30 29 9 28 5 79 в. 
Distance X (m) 


НЕКО 


F=3.75 МН2 


DIST VS MAG 


.-0! * HYP) "ң •рсцивоуу 


78 


78 


Distance X (m) 


117 


30 73 


Fe3.5 MHZ 


DIST VS MAG 
Distance X (nm) 
DIST VS PHASE 


-30 -23 


Mee cw p == 


78 


-----4---- F 





-100 


25------ 


(w/0) "y ерпизбоуу 





33 т 
~ 
n 
—— 
سس‎ 
D T ^ 
A 
= 
~. 
~~ 
9 n 
s | 
N 
— 
жы 
а о 
— 
9 n 
в 
а р 
— ое E 7 
— — 
>. 
ч E 
~ м. ' 
5 
[YT тсе p тун 
+ 
о о о о 
3 3 ° 2 5 2 
1 ат = 
' ' 


(wu/0) "y esoyg 


118 


Distance X (m) 


eid* 


Magnitude H, (a/m) 


0” 


Magnitude H, Сала) 


9.6 


6.0 


29.0 


9-3 


3.0 


7.3 


3.0 


78 


Fa3.25 MHZ 


DIST VS MAG 


-40 75 $ 28 
Distance X (а) 
F=3.4 A.HZ 
DIST YS ЖАО 
-50 -23 0 25 
Distonce X (m) 


ЦЕ) 


АКТІ-РНАЗЕ 





АА 


АМП-РНАЗЕ 





F=4 MHZ 


АМП-РНАЗЕ 


y 
гаф dum 
' й 

' í, 
ПА.“ 
op 0 
В => 
Чи 
S, й» 
"a 
ТЧ : 
1! 

' 
— 
Р E 
у 
"г ~ 
4 


هه کد 
- چت او — 


— ** 


e = x. t7 => > 
— بے ج‎ — 
а 


Рок КУСОК ТОЇ BI VV ба РАМ 
м 
A ` ND I Е ~ a — 
22 NE EX ¿ 
| \ 


120 





\ 
210 // 150 


PATTERN GAIN IN OBI 
eeeeeeeee HORIZONTAL 


180 


— — ا‎ VERTICAL 


ANGLES IN DEGREES TRUE 





t22 


F=6 MHZ 


АМТІ-РНАЅЕ 





123 


F=8 MHZ 


АМТІ-РНАЅЕ 












пи ДА 
| || | Z ѓи Pd E 
TA | 
Жел 


SX: 
ES 





з= | | 
270 A ———_ 1 219 <= ын 2. 
= j = 
ВЕЖ < 
p NN | 7 
A и n QN O 
I 4 SR 
“II | 
| Sere се а ЈЕ 
! 
| 
| 
125 


— — 


reu ~ 


ee с ми 


СІЗІСІ 


«vi 
me 


4 


LE — 
ПИ Е а. 


в A3 
y 


` 


— — 


= 2,2 =? : — ح‎ = = = > 
а е 


x 
5 


F=4.0 MHZ 


IN=PHASE 


330 МИШ ) 20 
wu aaa 74 





| / 
| — 
e | 
| H \ 
| | \ 
270. СОО D eo 
| E / о 1 
| & 





PATTESN GAIN IN DBI 180 
| "m HORIZONTAL 





ANGLES IN DEGREES TRUE 


126 


Sem — 


6.0 MHZ 


r= 


|М—РНАЗЕ 





о 
0) 
= 


| 





~, ul 

« 5 
= (В 
ш 2 z а 
— 
“ 77 = ы! 
ты 

a e 

Z O u су (с 
< Е > ~ = 
O, a 
Z e 7 
с — 
us =F v 
- в ul 
zn с 
а в о 

а < 

a 

а 





121 


~] 


.0 МН 


0) 
|| 


и. 





IN-PHASE 





ас 
со 
D 


Ра 
~ 


mus 


SERRA ert 


= 





LUA IY‏ ر 


180 


PATTERN GAIN IN Dal 
."“"..-ав--а HORIZONTAL 


ANGLES IN DEGREES "RUE 


128 


= OO MZ 


М-РНАЗЕ 






270 








= = 
E || 


| 
n 






150 


PATTERN GAIN N DB! 180 
HORIZONTAL 


A —— VERTICAL 


TOTAL 





ANGLES IN DEGREES TRUE 


129 


рн. ү "og 


UNT 


.= سے 


НЕЕ AT 


о 7 


APPENDIX G-HALF SQUARE ARRAY ANTENNA RADIATION 


Fz35.6 MHZ 






PATTERN GAIN IN DSI 
"m HORIZONTAL 


180 


| 
| TOTAL 


ANGLES INSDEGREES TRUE 


130 


PATTERNS 








wa tele err "T та E а E o 
вар тел eee es a II засто о фа я 
AR O OSA OA VALE NCAA 


— 


we 


плям NR жен 


—/.2 MHZ 





Al | | 


| Ñ 
| NN 








\ 


279 Со осет И 








PATTERN GAIN IN D3I 180 
| "rr HORIZONTAL 





VERTICAL 
TOTAL 


ANGLES IN DEGREES TRUE 


132 


---/,6 MHZ 


PATTERN GAIN IN 08! 
HORIZONTAL 





> - - 
- ~ 


"2 - 


> 


СРО АТ COVE РОТЕ РИ В 


.. 


He, bees: 
- — — 
— — — 


— ~ ~ ~ 
` = x ~ 


o 


RÓ 


— 
DUET COR 
ESF 


p 


F 


PATTERN GAIN IN DBI 
AE HORIZONTAL 


TOTAL 


ANGLES IN DEGREES TRUE 


F=7.00 MHZ 









134 


F=/.9 MHZ 





THERES RI ЗА OPN SOS Prete re? "eC vit OC 


— — > 


210 








PATTERN GAIN IN D3] 
| == еа ааа а а HORIZCNTAL 


—— — O VERTICAL 






TOTAL 


ANGLES IN DEGREES TRUE 


MHZ 


F=8.0 


136 


150 





120 


r-8.25 MHZ 


PATTERN GAIN IN D3I 
HORIZONTAL 








10. 


EL: 


12: 


LIST OF REFERENCES 


Campbell, D.V., and others, A Dual Feed-Dual Polarized 
Log-Periodic HF Antenna System, paper presented at the 
1985 Antenna Applications Symposium, Urbana, Illinois, 
18 September 1985. 


Weeks, W.L., Antenna Engineering, pp. 267-291, MeGraw- 
Hill, Inc. ШОССЕ 


Stutzman, W.L. and Thiele, G.A., Antenna Theory and 
Design, pp. 287-311, John Wiley and Sonc, Inc. 2 |: ни 


Jasik, H., Antenna Engineering Handbook, pp. 18.1-18.17, 
MecGrawslidT Inc o soon 


Isabell, D.E. , "Log Periodic Боровое Trav ETE 
Transactions on Antennas and Propagation, V. AP-8, 
pp. 260-267, Мау 1960. 


Vester, B., "The Half Square Antenna," QST, V. и 
pp. 11-14, March 1974. 


Mayes, P.E., Deschamps, G.A. an@ Patton.) a 
Backward Wave Radiation from Periodic Structures and 
Application to Design of Frequency Independent 
Antennas", Proceedings IRE, V. 49, pp. 962-963, May 
190]. 


Antenna Laboratory Department of Electrical Engineering, 
University of Illinois, Technical Report 1, Nearrri m 


Investigation of Uniformly Periodic Monopole раке 
by E. Hudoek, 30 May 1963: 


Tezmen, E., A Near Field Investigation of Two Uniformly 
Periodic Loop Arrays, MSEE Thesis, Naval Postgraduaiie 
School, Monterey, California, December 1970. 


Mittra, R. апа Jones, К.Е., "How to Use k-8 Diagrams 
in Log-Periodic Antenna Design," Microwaves, V. 4, 
рр. 19-274. June ages. 


Electrical Engineering Research Laboratory, University 
of Illinois Technical Report 59, Theoretical Study Of 
a Class of Lagarithmically Periodic Circuits ba Е 
Mittra July то». 


Naval Ocean Systems Center Technical Document 1157 


Numerical Electromagnetics Code (NEC)-Method of Moments, 
January 1981. 


138 


13. Brown, R.G., and others, Line, Waves, and Antennas, 


2d ed., pp. /9-83, John Wiley and Sons, Inc., 1973. 


199 


INITIAL DISTRIBUTION зл 


Defense Technical Information Center 
Cameron Station 
Alexandria, Virginia 22304-6145 


Library, Code UL 
Naval Postgraduate School 
Monterey, California 93943-5002 


Commander | 
U.S. Army- Signal Center and Ft. Cordan 
ATTN: ATZH-PO-ACS (CPT Mayes) 

Ft. Gordon, GA 30905-5300 


Uggs. Army CECOM 
ATTN:  AMSEL-RD-COM-TA-1 (Ken Loffer) 
Ft. Monmouth, NJ 07703-5202 


Professor R.W. Adler, Code 622] 
Department of Electrical and Computer 
Engineering 

Naval Postgraduate School 

Monterey, California 93943-5000 


Donn V. Campbell 

Military Electronics and Avionics Division 
TRW Electronics Systems Group 

One Rancho Carmel 

вап Әтево, СА 92123 


CPT John R. Johnsen, USA 
HQ, USCOB/USAB 
ACSIM/DOIM 

APO, New York 09742 


Mr. Pete Cunningham 
CENCOM-CECOMS 
DRSEL-COM-RN-4 

Ft. Monmouth, NJ). “97205 


Air Force Communications and Communication 
Engineering Institute Center 

EIE/EIEUS 

Air Force Base 

Oklahoma City, OK 13145 


140 


No. 


Copies 


шо. 


lb. 


а. 


13. 


14. 


Шо. 


Шо. 


j. 


I. 


I. 


Sylvania Systems Group/West Division 
100 Ferguson Drive 
Mountain View, CA 94042 


Hi-Gain Telex Coms Inc 
8691 NE Hwy 6 
Lincoln, NE 68505 


Barker and Williamson 

Attn: SR Antenna Desing Engineer 
10 Canal Street 

Briston, PA 19007 


DHV/Antenna Production Division 
Attn: SR Antenna Design Engineer 
Box 520 

Mineral Wells, TX 76067 


Mr. Harold Askins 
NESEC/Charleston 

4600 Goer Road 

N. Charleston, SC 29406 


CAPT W. P. Averill 

U.S. Naval Academy 

Dept. of Electrical Engineering 
Annapolis, MD 21402 


Mr. Lawrence Behr 
Lawrence Behr Assoc. Inc. 
P. O. Box 8026 

210 W. 4th 

Greenville, NC 27834 


Mr. John Belrose 
Communications Research Centre 
P. O. Box 11490 

STN H 

Ottawa, Ontario Canada K2H552 


Mr. Lawrence J. Blum 
Tech For. Comm. Int'l 
1629 Stierlin Road 
Mt. View, CA 94043 


Mr. Edwin Bramel 


E O: Box 722 
що Huachuca, A4 55613 


141 


20. 


2 1"; 


22. 


z 


24. 


297 


26. 


а 


2. 


ди 


Mr. J. K. Breakall 

Lawrence Livermore Nat'l Lab 
P. Of Box 5503 

L-156 

Livermore, CA 94550 


ME. Ree Corry 

USACEEIA 

CCC-CE-TP 

Pt. Huachuca, AZ 0509015 


Dr. Roger A. Cox 

Telex Communications Inc. 
9601 NE Hwy 6 

Lincoln, NE 685095 


Ме. We Decormier 
Dielectric Products 
Tower Hill kad 
Raymond, ME 04071 


Mr. E. Domning 

Lawrence Livermore Nat'l Lab 
но BOK 9904 

L-153 

Livermore, CA 94550 


Mr. Dave Faust 
Eyring Research Int 
1455 W 820 N 

Provo, UT 84601 


Dr. A. J. Ferraro 

Penn State Univ 

Ionosphere Res. Lab 
University Park, PA 16802 


ips. cH aon 

SRI International 
1611 N. Kent Street 
Arlington, VA 22208 


Mr. Lawrence Harnish 
SRI International 
1611 N. Kent Street 
Арт ОП КУА EDU 


Mr. J. B. Hatfield 
Hatfield and Dawson 
4226 Sixth Avenue, NW 
Seattle, WA 98107 


142 


30. 


31. 


32. 


33. 


34. 


35. 


36. 


37. 


38. 


39. 


40. 


Мг. Jackie Ervin Hipp 
SW Res Inst/EMA 

P. O. Drawer 28510 

San Antonio, TX 78284 


Mr. Howard Hochman 

GTE Sylvania 

Box 7188 

Mountain View, CA 94039 


Mr. R. T. Hoverter 

U.S. Army CECOM 
AMSEL-COM-RN-R 

Ft. Monmouth, NJ 07703 


Mr. S. W. Kershner 
Kershner and Wright 
3/390 Gen. Washington Dr 
Alexandria, VA 22312 


Mr. Moray King 

Eyring Research Institute 
1455 W 820 N 

Provo, UT 84601 


Mr. H. Kobayaski 
1607 Cliff Dr 
Edgewater, MD 21037 


Mr. George Lane 

Voice of America/ESBA 
601 D Street, NW 
Washington, D.C. 205062 


Mr. Jim Logan 

NOSC Code s22(T) 

ги Сава шпа Ваха 
San Diego, СА 92152 


Ms. Janet McDonald 

USAISESA 

ASBH-SET-P 

FL. Huachuca, AZ 85613-5300 


Mr. David P. Pinion 
74 Harper Street 
Бан Francisco, СА 94131 


ine I. J. Reaves, Jr. 
Naval Elec Sys Eng Center 
1600 Marriott Dr 

N. Charleston, SC 29413 


143 


41. 


42. 


43. 


44. 


45. 


46. 


47. 


48. 


49. 


o0. 


Mr. Alfred Resnick 

WLS Radio 

360 N. Michigan Ave 
Chicago, IL “60600 


Мг. В. B. Riegel 
NSA 

8806 Crandal Rd 
Lanham, MD 20801 


Dr. John W. Rockway 
NOSC Code 8112(T) 
211 Catalina BIA 
oan Dreso 4020 2072] 5 


Mr. Joseph R. Romanosky 
NSA 

Electronic Engineer 

Ft. Meade, MD 20755 


Mr. R. Royce 
Naval Research Lab 
Washington, D.C. 20375 


Dr. Jacob 2. Schanker 
Scientific Radio Systems 
367 Orchard St 
Rochester, NY 14606 


Mr. N. Skousen 

Eyring Res. Inst, Inc. 
1455 W 820 N 

Provo, UT 84601 


ME. WwW: D.: Stuart 

IIT Research Institute 
165 Admiral Cochrane Dr- 
Annapolis, MD 21402 


Mr. R. Tanner 

Tech Com Int'l 

1625 otierlin ka 
Mountain View, CA 94045 


Mr. E. Thowless 

NOSC Code 822(T) 

21 CaTalinalBIva 
San Diego, CA 92152 


144 


SS 


92. 


Mr. Hung-Mou Lee, Code 62Lh 
Naval Postgraduate School 
Monterey, California 93943-5000 


Mr. Ray Vinson, Code 62 


Naval Postgraduate School 
Monterey, California 93943-5000 


145 











LLONTEREY , CAxnibUru.. 989 





xh ER El. M 
ма ЗНА 


у ak 24 РАГС > 1 
РА ој РА MY E 


thesJ54975 I ' 
PH T ER хү 4 و‎ 2 4 — а j 
ИЯ A Ап mm " into the po tenias for EE қ 



































Қ J 
сүн, 


КК 8 АПАТ Аы, Қ au. 
































































































































































































































































































































































4 мина РАИ АИ 
wiry Be P У УЛ ЕЕ ЕТТІ ЕЛДЕ ДРА а ú 
"mers mmm КЕ des 6. Ре v Тал АТА 22 
Е, АТ ЕИ Чи LA ЕЕС ITT ned дай ||| || ПЕШІ "I " TP 1 ‘ ME | И; 
Ене Tar err pei UP ren A. e TM ET | | К 1 Li 
^ МИ ИСАК КЛАНА NTS а ЫЕ | li | | || | "а : 
ии АНЯ onera PIN 5 Ш a on s й 
eet err ey eet tee ҮҮ КК Т ОР R rr rto Түгү ГҮ? Р я. A 
УЧЕНЫЕ е Кими крикет Ny M T "q е 
ig don ПАЗ РА ИЕ ЈЕЗИК pM tI ET AA E | ШИ 1 A d 
ТИ С T LORA үүтүн SEES ч Б || | | | " 
НТО IR DO ST — НИИ | 3 
РЕМИ SR EA " LSI цот. €.» а r Е 
uem v РОО КЛ И а 2: МАЕ » й 
na EUMD PEIN 2.5 E TT: u^ LE) "YI " . 
"T Cab wer hu 84116 — were 71 n. | - А 
АРТУУ TA ГО TE * а 8.4 š — П J 
EAN HP ERD Loot oD ET уе я "и 
renim vet P —38 пара ^y ин D D „ра ^ ' , 
РРО Чи: е vv Жо МАСА САР ИД О ЈЕ X LIBRARY f ы y 
TNA — 88 "я iw dye Enna — ДА ТЕН ЖІ) Бе Я i Яд в П E " 
АГ А ПР РРА ИУ eit a “ » “ А 
Ж Ыр, ЗА 47570 У ная 5 i | Ы " 
E 4 py ИА ar vibe n ИЧ. Y DL 27 —M а y П т 
EA ARAN тр EI A * ЕД E Mana bo M WC ^. 
кагуы т Р СҮН AAA AA 5 "va Каз ва ва Wad od чек 6 Р 7 бе 4 
кү TA вто мед. ИАН gero mim T A Bi iù f з'д А ГИ ет! г Р a и А 
AA Tib ra 4 Г ом ИТ ТРЕСЕ Ме И mL TTD EB AN J TAS Ыза СИТИ 3" $ ПГ » 4 П Ѓ А Е 
а AAN es У Я) ре һе дъ 5 [WC EN STI yw yen rS ЛУ bos yea t ما‎ , 5 CIPIT! SUE аи Й Г mw им: , ae 
A ТЕА AS ИА ALIAS TA IS КҮ TN ERR ISP MIA £L. pande CD 2071 Ж. QE NC vr WE MI г Fa О " 7 è 
w РРА АИ МО ДРУЗ ПУЛИ, re ES И, СҮРҮ ГУС . 4 ¡SM LE SA >.» f 1 n “ * 0 А 
PYR АЦА ВЕ ELIT TL hr ye art ТИ ТЕСТ ВО 55 id ьо да; Ш - р PW "Wr 
О ГА e WEIGEL x HETE А, зыл... "94 1 ۹ . s 3 "1 "AI . " " 
Oy РТА вм ROTER "aro DIT) Па ПР ЗА НИ ОР РР А ЧУ Р , t s 1 А #4 i A я .. 
— ДОН ЖА ЛИКА EW AORT e ЕСИ NC УЗ И ы 5.4 E 7 as HU As 
53 күтүнү үк Үү ATT —— ҮҮ үу L ФЕН NE "n Gye i атағы. 1 7 => А 
«ете ЕНТ HIIS n PER ДО ѓи E POE Er Poles 14d 523 u 4 РР ПХ TEN nn 
pv IL и үч my eT ЖҰСУЛТА ШАМ И POP OE IN E Ue wer ч хх. , wit "В A "A, А в У Е 
вълчи ы TY ИЕЫ 4 Клук PII WIPE ТЫРЫ ДҮҮ! У SIA У ТЕ ТЕ NS NIIT e DAP a A Г "A А А А А 
АРА РАМА ТО ПРИЕТА ИСК У МАРАКА брани АН Ч С O С ЕТ ^d РАТИ ИН. А А $ 
дрвен да 5 есу Су A AO "NI А. зроб» А 991-2449 Р рида, ге ~ ' * ^ E " П П ^ DS А ; А 
РАМЕНУ P umet m + AIA M <, ا‎ i. 3 ИСТ Чи АТ! ПИСТУ ОД ere | ИС“ i arr e f г 5 PP n қ | 
TI pr moms voe nm wan rer erred КТ ӯ Е o li Aye 1 ا ا‎ P4 ГАЗ Е 154. 1 6 7.0 4 . PA Р 
рерни ЕРТТУ ЖИЕС И ЗН КҮ Т et. QUE n UL a rM я пт д АМН РАНА Зи УСКИМ ? SPI un 
—* "TS Ки С AY RN u p pat faë Ма, 4 و‎ Р z "Wh 
OPES Е ао ди E РОМЕЛ ЈАКО LET . &'0 AI als E ME А © ә м Тэй ' 
that Com, "m Le aa 0 E Мі завад об DT ЈАКА С pued 4 Й Й й ^ 
aieo d rar POPP nm EMITTE EX PACEM UA — ИУ. Ce Soe ЛЕА | ` sag " P 
АНЕ — СУЗА woo v i^ ) — A O TE d ... — Тү, М. - о 4 А 
ол АЈ A ara dr Uu ° OTH АНА ДАО LS P уе FINIS TN ПОРО МР ' А Ы А ۴ 
d СР УРИНУ Два бот. ҒЫ {өю piney НАЧИ ТИ РУМИЈЕ. = $49 433 8*8 2.424 212.13 1 4 tx n " EI . " Г 
жун ... AN AE ST Y 5 HIE DO зам n» a ИЯ ГУЕ РАИ РУДО АИ ЫГЫ" > "m Й 
m LEA о ПА A td Perr Tt КИЕ A ВХ, Y ы. HET" ۾ ا‎ й O Р " ) | 
ВРЛО И И Го —— ТОП ТАЛЫ, АУ, tyt NOOO РОЧ 1757 TR NT I , ho 4 Й 
УУ А РАЧИ И РА ЕТ | AA: A E oe ES TE E YUMI | 4. х |. 4 | ` а ГРЫ Я Ls 
НЕЕ PT A IA q PAgh 4 4 2 0 وا‎ ы Е. , М «а " П Ы E] А 
erate ПА ВРАТИЛА НОЗИ АЛА. ПРИРОДА Ч EA Й я Ea sew Sel ГЕ, —4 "Чу үг — РГ | ۰ О 
ҮГ iid ert at uf. rud дог LE. Viele brio t ге ПРИЕ НИК РИА РЯ EN ЕХ ¢ ба» 5 
A... hs ف‎ : "EI HII NP МА ТАТЕ mix] Fa LM a є RERE ана Це Са ПЕ" a Г "CN 2 5 
em ke er TO IU iri РР УГА: УРА «о пе. rer ery ys Sa) РИ ИТР n ТЕ! TIETE DE NTE, ғы * bw а ñ n 5 ДС » 
Те ИУ EL ү Gia nop ms e AAN AR] г РУТ НДХ 14.454 hn г 
Т КГС АА АРС ИКТ» CERTE y As L d Ан n WEM "un" АБ ar ~ А И 
МАРУ И УРИНА ЈРМ у ДРИНУ € ИС A ahi Md LEE — NE , " г 
фа оа ви ТЫ 4 сүү зм ро MICE WIPE O ITE " Sakae wid ; dec T ^ d 
per n ра Ср ОР O в'я A MIRAN TAO КАДР РІ 4 Р РИА А: [1 ç Р ИЛ ж. ^ t ~ ^ г 
sp ox d ЛТ а n bs m ry 55 ер АР Y ДАТ ^; УС“ A p H # ...” res ТЕГ РУЗ РУС ` iin я. ñ as - " И А А : " М mL 
VISUS EI. i reci РАТА РР SA әти + E AAN AN КО „ту и САРА САСА | "3 EM OST Аб САРЫ. PR Ar М „да Й Қыз 2 у Да , 
ролја Ен РУТ "ah "I" me ГИТ Т КАТ МР ИУ Mo М, i^; ^^ moros Да Per whe TI 4 6 "LT O D АИГ ESD к та П А я E 
ИИ ИТ gue Md se M ac bu "ЖТ КЖК ТЫШТЫ и МАЈ УСОРУ. ¿A EM A TAS " ТЕ ^ Р — Е Р ` А A у 
МРЗИ mure РҮ ҮЕ КЕДР Т К УТЫ ЛАКАЛ СТА ү Me FARR IPSE ILLINS EVI T ET TTE ر‎ "E H Б А я ^ $ я, 
HA AE AS minos PRAT — ПРЕ ҮЛ ААД Ела а К Е КУО ЕТИ УЕЛА г ‘ О ЕД, а... Г {ы r т TALR А 
Pn Р TP PE VE ТО ТУ ТЕТЕ ТИТАН ТАСТЫ 255, — I Lam АСУ OE ТИТА е И ї ۰ О “оз. | й: БР a 55 
РА УЧИ РН pr neta РИТУ ИЕ tee Қала РК رک‎ £=" PHIL a D "а П А f A Заб 4 
РАИ EA RD НАЦ AAA A O Ре ҚТЫ” CP 
Me dE та HEVIN € TAS ЫЙ ГА FI ГЕУ ОТИ A П » КАЖИ: au "n 8 Р 
ои PAE a n PEE 434 ме меер ТАТ ЈЕ г. т ИСА n š ГЕСТ = А АЕ 8 
EN ГР МА (ewes Є РРО РОДИ НЕТЫ 5 у Nr Ls мы у 
aeter là Y PAs n M AE ПНА и а: TL p В А А Қ 
TUE EPA TTE 77) ^ PO PESE M RAPERE = Қ” А Қ 
— ИК E — РАТИ "uv WoW a Й Е А 
ne ПИАР ДАК BUNT D а. И A ave a 
Aree ween ti а а Cee ye oe ДЕ А СИТИ АТ ы ВЕ НЕС siano et c us wo AT А 
M И Ре ГЕ 2 ач қ ағат КҮЗІ ЖҰ СЕКЕР `, оз 4 ё А 4 
AR O 4 Еее КАН ПТИ ot 0 ГЫ Е Jr : о 
Р e ATINA M s з оо 7 я 
Аы ҚАҚСА ЗАИР УЫТ Pu P L і в Зу берат . ç 
РУУ ИР E | Фу. а NT a WIDE И й > Е 
ove dtd oe De и УЧА АН РАН ОР 4 Р "ҮКЕ. e orm m В 2 
A У heed a ae Pags ТИК OT TOTES ҮРЕ. рова То ү рана " A x у $ 
mod еы ӨРТІ” ғыр E M 29 КЕ ШЕ [4 ГЕУ қ FO و‎ г СРИНА n « А 
وا‎ A ET РЕН A ES O $ Eee г ПЛДЕ ГЫ, n M ы š 
A A O өз” NT ELLEN] E PP DU CERE Pee АА ЈА 82... МГ; тіз Е he TE А А 
po vare UT AE A ASS O РЕЈ А WEE ВА à у Б. 
A €um Д Р A МЕР ^ An $ 
ЕЗ 4 КИ s? те ‘ P А А 
b ұ: 1% М J L] ee рист Г у 
АО qa vp. 1 E ESE, " А .. ' 
я 3 гаму e vo via un H 4 КЕ“ ұйы е р " У 
SUA de AL... OO DO Й ... ығы А ^ E 
Er hefs PERA TUE hte 47% сЕ ELE EC Гу" 7 ws N a Ки р 
ра в ба АН d dg e УЗРОК ДОН ЈЕ. * күлүп D .. "n NE "ШЕ ^ у 
а ODOT pe unm s " Гы ^ E y ri А Е я J А ЈЕ ۰ 
4 P 





























"I LET T 
gn AREE ғ“ 
Ж ҚА ПОТЕ IO SA 
rms И n * КҮЛДІ 


ж м DOT 


CE 
Fer — крал 
ANS 

Л 

АЛЕ 
12-9 9 она и 
PN i И Хоа ns ES “2 
Жы ИН 4” ry! ETE ті 
pd à нима ас: 
























PA 


S TM ys 
es ч ү! 
Dn T 











д ком Руд: eae 


£ nef жел 


ои 
nor 5 








































ves E p 
Pe СА РИКИ A 
BIOL TTY M 
офа Со ви m Sd , Б. 
e 27) ok EXT Е зА ау" 59% 
, 33° eae . 
= ник: БР раа HY CERN г Ж $^ 
о ЛЬ RU кы ` 
nur : à 2” 


де E былық ғ £ 


24 DT! им. 
па Фр 












А DL к fi 


0 
+ Tot Ч 
LR TAM, م‎ 


TIR 











PEPES УЗ 

та УН ۹. ШЕТ 4% 

ғұ unis 
га 


3 







АН ы ^ 
E hr i eun 
HD n 




































3 CTD n ni 
LATA s ^ м. 
E T 
к 2472 
Dea 

то 

E 









т. 


АЧ» 














Re w ЕРА he Мера е ч в е9 = A ы ж. 
2 EA A ТОК ЫЫ РАТА п 
И и Ди mA 24251 E 5% 
мита ОС A PD ^ 
ОЈ n і "Tuo 4 са Уч ЮС 
IIT lh УУ УНЕ АРА d 

+ 


m Р ОА А 


ве ал LIS) 
GUYS. Да ot, Мк - SDR 























mo Скара سا‎ ПР € 

егет, у ми * реи 

x Ма ds ¡A Ay joy 
КРИЗ 4 с чи чадо зи ДАТУ 
tops ET XES $$ H Duran tato 
I uj } UA У Я 
"a — Ag Y А т ER! de ~ 






























































wA o9 ма цо 
К ть Hh < На e4! ^s Тез 
ПЕЕ i йо с дерево RIT. БАТА мек — 5 гаса А Wah 
лич РУМА ya ie Maree wa ya e xh PM D» Lia i 
йо шыш راہ تھ‎ ~ ПОДА у a ГЕ АА: ГКК: 
ETE S te ac — RM LI ы ы: de мч жое Ww open iets 4. sid eM. Lh M 
5 ЕРИХ ХО АБА: —RX СЕК EA ç 





Аа ПАРА 
مو‎ e RERO te =: 
ИН КОТА +. aw 
НЕМ о аи о а у НАЛИ ti м 
РЪТ a. кти ү ы ла Ир 
ы ter e И мия whey pass ripened Ңң 
» Ача БТА ТАРА ҒЫНЫ НАЧИ LL T 
~ Pde et ee ee dd ea сре НА Q 
а Ам ПРУ Lr e$ Lt 
e ЕК Зара a 
Ге ұғы АН А 
дыы mor ye YN Re RP 
АКТ БЕЛИ ы ٠ Ех и 1 "чу 
Үе. М ды ы Че 
тазы а У ау: САДКО. ~ ARLE 
TY ДАЛЬ d — ық > 
ААА Мы ЫДЫ а. АЕ и s 3 DLL и ene ` 
ia ОЛА. bà mii f hv It wn А ШАРЫ» Уы КЫЛ 
d. А V. рази 4 мая МИЈО 
ХК: Фал HILDA 
ЕЈ. E 
Y a Ая 


сов фак Y; 
ч, є 












"nd RTE қ да 
E үзүү м < * 


WW VI 
ж%» ОН MT ND 







































Pale PL; b] bue iT) Li 


























; а 
МА аи 











ВЕДУТСЯ alas ЗА и Пи 

В КА ИВ А eo 

FELT аа уе ае и. « «ре ES ыы ie y A] 

EM зА АА Аааа S e вена, ` 
IR 










ПАЯ уч! 
ы Да - КРЕ 


be Зм Vi 












































vy tid id [C ом ааа 5 je Ad J 
PL. АН РОН e e УАТ a ^», š смел ДИ de ei 
rg y ny ty ^w rks) a^ HRD TCI 54) ЖАН —* ^ Lp de a ё 0 Hes Au 3 Dai he DIET 
A P T MC y pr EET DE ПИ И КИ ЈА КС кон T 
LL TLLA d T LA М — мм па. i S 4 ДАЛЛАСА, PRI ARA 
Eds do IL Мање гума, LE db ЋЕ ЖК ОЇ АА Ae L'A J 304 E AAA 

ПК МЕКА E ү АУ ОСС. 


АИ ОАО 
ma НОВА Че “А AN an inan DOCE HEY. 
EUA d ме АДА 
И А УЉА арыны; ОАЫ м 
БАЗА ORE cda Ü 


DEREN RJ ec 
—— bv’ 
UL LA LA 


LRL I 41 Ј 
















iet ied 






























































"fre uy ate! re ç мм „Пи 
ЛИНИИ? PL +, A ure DRDO 
ранах m — 2-а АНАЛ A LA an yo. ^ її М; 
ылы 2 сеңі а 02-034 МА T М БЫ? у 
LET ERE ҚА? ws ЊУ * 
vd 4 viele nS. чеда ау коло и “4 
RA a EE б; 
ike ы ылыы, ы MEAT ы ^ Š at 8 
were ee he bee са уз: леч АДА ae “4 3 d 
LAUS In^ ав АНДИ) ИЗТ АА Му n 
—* META] 8 аА АЫ аА ДА a RS 
ореФф'ец РСА АИ СА ТАИ А) САЛДА di аз» 7,65 ЗА Ғы L 
ae er E yii HS D ECL P ХАРА ХА. p 
ré Qro Meo re^ nC NC УЕГЫЗ и Ме " DIM AN Ciel cxx АНТ 
TR о O Ат. “ чи >s WH Wee Pid + мА МАХ. apn’ 8/5 +) т? LAS ЈАКА 
Кл ДЦ: СЕ МАДА: DARLA TES м ЛАЛЛАБАЛ ДА е АМА КА У EE LA 
ТУМАН DIE URN rela D 94547, р чи > th МУ ТИЦАЛА АКЕЛ КА 


RN MEA ROO * 
A АЕ И LL 4 
ООНА АЯ : 
















— — eevee 8 Cee te: 
0 aî заь а Сев. M" je м, Ды 

VIP MON e do di ws 

PIA ВАКА MH 

LLANELLI АДА ДУ LAT] 

px КАМА He а | ДАМИ he A 4 





waw 
мий 


































Le 4 АВАРА АИК МАДА АМА PIA їч 
ri. КЛАДА AKATLI АКУ ААА Х I ; 
Кода, ی‎ EA АДЫ ААА AJA EA 1 e Wa \ i 
де іно мым vv" ДА Маре ич X Кл’ Ам, LET] У š 
OMR AAA vo OOO RON Па ДАО ВА АКАКИЈА ОМА AA АЛАТ я ы 
ВЫХ dee ДЕ ЧАСАХ, Талка, ç i 
Фа ДО Ty Ya os ad lhe Rade bandh Nh tte, Pi heel ed dp edi Я. A ÍA O AAA dh Bad ђ я 5) 1 
И ААА ҚД АП LERRA Ite Cb hd ЖА E JU hpa ف‎ AL и Wet І я ТЕ ы k I 
AA A AA DAA A C ли МАХА. РЕН У У. Жыш е at " 4 d ° 
"ай Mp = раја ше dn « So ы D 
"SN А 





. 


